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Secretion of Lunatic fringe is essential for somitogenesis and
segmentation clock function
Dustin R. Williamsa, Emily T. Shifleyb, Susan E. Colec
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bCincinnati Children's Hospital, Cincinnati, OH, USA
cDept. of Mol. Gen., The Ohio State University, Columbus, OH, USA
During somitogenesis, paired somites bud from the presomitic
mesoderm (PSM), giving rise to the axial skeleton and musculature of
the back. During somitogenesis, Notch activity levels oscillate as part of
a clock that controls the timing of somite formation. Cyclic Notch
activation is dependent upon the receptor's periodic repression by
Lunatic fringe (LFNG). LFNGmRNA levels cycle over a two-hour period
in the clock, but for LFNG and Notch activity levels to cycle, there must
be mechanisms in place to rapidly eliminate LFNG protein during the
short “off” phase of the clock. In vitro, LFNG is rapidly secreted into the
extracellular space. We hypothesize that secretion of LFNG is a
mechanism for terminating its activity in the clock when it is no
longer needed. To test the in vivo relevance of LFNG secretion, we
generated knock-in mice expressing a Golgi-tethered LFNG variant
that cannot be secreted (Lfng T-LFNG). Lfng T-LFNG/+ heterozygotes
have severe skeletal abnormalities, supporting our hypothesis that
tethering LFNG in the Golgi generates a hyperactive fringe protein that
perturbs the segmentation clock. Somites in these mutants exhibit
randomized rostro-caudal patterning and form irregular boundaries.
Whole-mount immunohistochemistry confirms that Notch activity is
severely downregulated and non-oscillatory in the PSM. Expression of
clock genes is perturbed, and endogenous LFNG expression no longer
oscillates. These results support our hypothesis that LFNG processing
and secretion play important roles in its function in the segmentation
clock, and provide further evidence that post-transcriptional regula-
tion of the clock is critical during somitogenesis.
doi:10.1016/j.ydbio.2011.05.125
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Premature downregulation of Tbx6 within the tailbud alters cell
fates and leads to premature termination of axial elongation
Nowlan H. Freesea, Allison Scottb, Susan Chapmanb
aClemson University Biological Sciences, Clemson, SC, USA
bClemson University, Clemson, SC, USA
The process of posterior axis elongation involves ingression of
cells through the primitive streak facilitating secondary neurulation,
forming the neural tube and caudal somites. Posterior patterning
requires myriad signals within the progenitor pool of cells of the
chordoneural hinge and tailbud. The Araucana mutant chicken lacks
multiple tail vertebrae. This phenotype results from an autosomal
dominantmode of inheritance. Araucana embryos fail to form the final
somites, prematurely terminating elongation of the posterior axis. The
T-box transcription factor, Tbx6, is expressed in both the tailbud and
paraxial mesoderm. Tbx6 is necessary formurine tailbud cells to adopt
amesodermal fate, and has been linked to the cyclical gene expression
of the clock and wavefront model through its interaction with Dll1. In
Araucana embryos, during tail organizer stages, Tbx6 expression is
downregulated at HH15, within the chordoneural hinge and tailbud,
whichwould normally occur atHH25, but expression is still detected in
the paraxial mesoderm. Within a few hours expression of the tailbud
mesoderm marker Brachyury downregulates, followed by Wnt3a
and Fgf8. Cells that normally form paraxial mesoderm appear to adopt
a neural fate as witnessed by multiple neural tubes forming. This
is followed by cessation of tail extension and upregulation of
programmed cell death within the tailbud. These results suggest that
Tbx6 plays a role within the chordoneural hinge and tailbud involving
cell fate decisions. Disruption of genes necessary for maintenance of
the progenitor pool of cells leads to truncation and premature cell
death within the tailbud.
doi:10.1016/j.ydbio.2011.05.126
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Elucidating the role of Hoxa-5 in the development of the chick
axial skeleton
Jessica Chen, Soombal Zahid, Sara Weaver,
Meghan Shilts, Jennifer Mansfield
Barnard College, New York, NY, USA
The vertebrate axial skeleton and its associated muscles and
connective tissue arise from somites. Each vertebral segment
develops with a morphology appropriate to is position along the
body axis, and morphologies can be classed into several general types
(cervical, thoracic, etc). Expression of Hox transcription factors,
established before somite formation, acts early in development to
specify segmental identities, and continues to function later, influen-
cing the differentiation, and thus final morphology, of axial tissues.
We are examining the role of Hoxa-5 in the developing avian axial
skeleton. Previous loss-of-function analyses in mice showed that
Hoxa-5 non-redundantly patterns segments around the cervical–
thoracic transition. However, it is unknown how Hoxa-5 interacts
with cartilage patterning and differentiation pathways within the
somites, or, given differences in Hox group 4–5 expression between
mice and chicks, whether it specifies the same segmental identities in
these two lineages. We find that misexpression or RNAi-based
knockdown of Hoxa-5 in chick pre-somitic mesoderm alters vertebral
morphologies, although it does not transform segmental identities.
Hoxa-5 knock-down leads to aberrant cartilage morphology specifi-
callywithin lateral vertebral elements derived fromHoxa-5 expressing
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cells. We hypothesize that in the sclerotome, chick Hoxa-5 acts locally
to influence cartilage differentiation in the precursors of the ventral–
lateral cartilage, which shows differential morphologies across the
cervical–thoracic transition. We are currently working to characterize
the interaction between Hoxa-5 and other genes that influence
cartilage patterning and differentiation in somites.
doi:10.1016/j.ydbio.2011.05.127
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Investigations of early and late onset scoliotic curvatures
in zebrafish
Ryan S. Graya, Anthony McAdowb,
Stephen Johnsonb, Lilianna Solnica-Krezelb
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Familial/idiopathic-type scoliosis affects 3–4% of the pediatric
population. This syndrome largely manifests during early infant
development due to abnormal vertebral development in utero, but
can also present symptoms during adolescence. We provide evidence
that three independent leviathan (levm531, vu41, vu105) mutant
alleles aremutations in the zebrafish collagen type 8 alpha 1 (Col8a1a)
gene. Homozygous mutants display exhibit dramatic lateral and
dorsoventral folding of the notochord after 1 day post fertilization
(dpf). In addition, leviathan mutants display ultrastructural defects
of the notochord sheath and exhibit aggregation and misalignment of
the notochord sheath cells. We suggest that mutations that affect that
proper folding of Col8a1a activate the unfolded protein response
to degrademutant proteins. Moreover, a small percentage of leviathan
mutants can survive till adulthood and display dramatic scoliotic
curvature of the axial skeleton. We hypothesize that the notochord
sheath cells regulate the stability of the axial column both early and
later in development. We are also investigating a novel heterozygous
dominant viral insertion mutant fish, druk. We observe no defects in
the early notochord morphogenesis, however druk mutants present
lateral and dorsoventral scoliotic curves at approximately 25 dpf. The
severity of the curves appears to progress throughout adult develop-
ment. We will test a possibility that a loss of regional bone density
contributes to the formation of the vertebral curvatures. Themolecular
basis of this late stage onset model of zebrafish scoliosis is currently
under investigation.
doi:10.1016/j.ydbio.2011.05.128
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Molecular mechanisms underlying Xenopus
somite morphogenesis
Carmen R. Domingoa, Marisa Lealb, Diana Quinonezb, Sarah Fickelb,
Armbien Sabillob, Mary Greeneb
aSan Francisco State Univ Biology, San Francisco, CA, USA
bSan Francisco State University, San Francisco, USA
Somitogenesis establishes both the segmented body plan and the
progenitors of the skeletal muscle, axial skeleton and dermis of the
adult. In the frog, Xenopus laevis, somitogenesis consists of the
partitioning of the presomitic mesoderm into somites that undergo a
90° rotation. These somites are comprised of myotome fibers that are
aligned parallel to the notochord. Work from our lab reveals that
signals present at the lateral edge of the paraxial mesoderm play an
important role in the proper alignment of these myotome fibers. A
prior study showed that the secreted cytokine, stromal derived factor
1a (SDF1a) played a role in the lateral migration of cells within the
anterior compartment of zebrafish somites (Hollway et at., 2007).
This lateral movement of cells is reminiscent of the 90° rotation that
occurs during X. laevis somite morphogenesis. Using an RT-PCR
approach we also found that SDF1a is enriched in this lateral tissue.
Subsequent knockdown of SDF1a and its receptor, CXCR4a caused a
disruption in myotome alignment. Using Western blot analysis, we
show that knockdown of SDF1a leads to a reduction in Rac1 protein.
Interestingly, morpholino knockdown of Rac1 shows a very similar
morphological phenotype as the SDF1a and CXCR4a morphants.
We propose that SDF1a signaling pathway, via Rac1, plays a role in
coordinating the cell movements that lead to the proper alignment of
myotome fibers within each somite in X. laevis suggesting a possible
conserved pathway in the regulation of somite rotation among
vertebrates.
doi:10.1016/j.ydbio.2011.05.129
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Dynamin is required for the maintenance of EVL cell polarity and
the progression of epiboly in the developing zebrafish embryo
Stephanie Lepagea, Ashley E.E. Bruceb
aUniv of Toronto Cell & Systems Biology, Toronto, ON, Canada
bToronto, ON, Canada
Epiboly, the first morphogenetic movement initiated in the
zebrafish, involves the thinning and spreading of the blastoderm
to engulf the yolk cell. The cellular and molecular mechanisms
governing this process are not well understood. One mechanism
thought to be important for the progression of epiboly is endocytic
removal of exposed yolk cell membrane just ahead of the advancing
blastodermmargin. We have found that there is extensive fluid-phase
endocytosis at the blastoderm margin prior to and during epiboly, as
shown by uptake of the fluorescent dye Lucifer Yellow (LY). During
epiboly initiation, LY containing vesicles are enriched in the marginal-
most enveloping layer (EVL) cells, but become increasingly localized
to the external yolk syncytial layer (E-YSL) as epiboly progresses.
Treatment with the Dynamin inhibitor, dynasore, successfully
inhibited marginal endocytosis and delayed epiboly in the progres-
sion phase. Dramatic defects in EVL cell morphology and polarity
were also observed in response to dynasore treatment. Localized
expression of dominant-negative Dynamin2 (K44A) in the yolk cell
had a mild effect on epiboly, suggesting that endocytosis of the yolk
cell membrane is dispensable for epiboly progression. Instead, the
epiboly delay caused by inhibition of Dynamin is likely a result of
perturbing the morphology or integrity of the enveloping layer.
doi:10.1016/j.ydbio.2011.05.130
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Alpha-catenin regulates cell cortex stability in zebrafish
radial intercalation
James W. Nelsona, Antonino Schepisb
aStanford, CA, USA
bStanford University Biology, Stanford, CA, USA
Adherens Junctions (AJs) are essential components for cell–cell
adhesion and play a key role in cell migration and epithelial–
mesenchymal transition during embryogenesis, wound healing and
cancer. The AJs are composed of members of the cadherin family,
transmembrane cell adhesion proteins that are connected to the actin
cytoskeleton through interaction with the b-catenin/a-catenin (acat)
complex. The textbook model described acat as a static molecular
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